BACKGROUND: Successful control of diabetes mellitus requires lifelong adherence to multiple self-management activities in close collaboration with health professionals. We examined the association of such control with appointment keeping behavior in a rural health system. METHODS: Among 4,253 predominantly lower socioeconomic status patients with diabetes, the association of metabolic control (most recent A1c <7% or >9% in two models of respectively 'good' and 'poor' control) with 'missed appointment rate' over a 3-year period was examined using multiple logistic regression.
INTRODUCTION
Successful control of diabetes mellitus requires lifelong adherence to multiple self-management activities in close collaboration with health professionals. Lack of adherence to such activities has been demonstrated to be associated with unfavorable diabetes outcomes. For instance, prescription refill adherence to diabetes medications correlates with improved hemoglobin A1c results. 1, 2 Similarly, adherence to blood sugar self-monitoring is also associated with lower A1c levels [3] [4] [5] as is adherence to diet and lifestyle change. 6, 7 However, clinician awareness of these measures of adherence is generally achieved by patient selfreport, a method of assessment whose accuracy is variable. We sought to determine the association between the missed appointment rate for clinician appointments and metabolic control since this is an objective adherence measure that can easily be ascertained.
METHODS
The study was conducted in a public university-based health system serving a large predominantly lower socioeconomic status rural population in central Virginia. The health system provides subsidized healthcare that includes ambulatory, inpatient, and pharmacy services to individuals and families with incomes <200% of the federal poverty level based on a sliding fee scale (copayments of 1-75%). The clinical-administrative database was utilized to retrospectively gather data on all patients over age 18 seen at three separate primary care internal medicine clinics of the health system with a clinician-assigned diagnosis of diabetes mellitus and an A1c level >5%. The study database was not able to accurately distinguish patients with type 1 versus type 2 diabetes, though 95% were type 2 based on prior studies in this population. The dataset was limited to patients with at least 3 appointments over the study interval (2004 through October 2007). Of 4,922 eligible patients, complete data were available on 4,253 included in the final multivariable analyses. We examined the association of metabolic control (most recent A1c < 7% or > 9% in two models of respectively 'good' and 'poor' control) with appointment-keeping behavior. We calculated the 'missed appointment rate' of each patient (operationalized as the number of primary care physician visits scheduled but not attended and not canceled during the study period divided by the total number of visits scheduled) and used multiple logistic regression to examine the association with metabolic control, controlling for socio-demographic variables (age, gender, race, income, insurance) as well as number of attended primary care visits and clinic site. Patient/family income was dichotomized at 200% of the federal poverty level, the threshold for financial assistance from the health system. Health insurance was based on primary payer and initially categorized as Medicare, Medicaid, Commercial, or self-pay and subsequently consolidated to insured versus self-pay in the final analysis. For race, only the contrast for white versus African-American is shown given the small proportion self-described as Hispanic, Asian, or other races in this population. The missed appointment rate distribution was skewed, but a log transformation did not materially alter the demonstrated associations and the untransformed results are herein reported. A two-tailed p-value of 0.05 was the criterion for statistical significance. Table 1 describes the population vis-à-vis the demographic and other variables modeled in the analysis. Almost half (47.2%) of the patients had good diabetes control (A1c < 7%), 32.3% had fair control (A1c between 7-9%), and 20.5% had poor control (A1c > = 9%) as of their last measurement during the study period. Table 2 confirms that age, missed appointment rate, and insurance status independently predicted both good and poor metabolic control, while race was independently associated with good but not poor control. Older, white patients with health insurance tended to have significantly better metabolic control. Though low patient income was associated with poor control in the bivariable model, it was not independently predictive. Controlling for the actual visit frequency during the study period, the adjusted mean A1c of the 2646 patients who missed an appointment on fewer than 5% of occasions was 7.35%, 7.64% for the 622 patients with missed appointment rate 5-10%, 7.88% for the 783 patients with a missed appointment rate of 10-20%, and 8.47% for the 871 patients with missed appointment rate >20%.
RESULTS
In multivariable models excluding missed appointment rate as a predictor (not shown), the association between race and metabolic control was much stronger. The odds of poor control were 1.23× greater for African-Americans, p=0.009 (versus 1.12×, p=0.16 in full model) and the odds of good control were 0.82x that of white patients, p< .001 (versus 0.85×, p=0.02 in full model). Correspondingly, the mean missed appointment rate for African-American patients was substantially higher than that of white patients (15.9% vs. 9.3%, p<0.0001).
The missed appointment rate was the strongest predictor of metabolic control in our multivariable models based on the Wald chi-square statistic. As shown in Table 2 , for each 10% increment in missed appointment rate the odds of good control diminished by 0.89× (p<0.001) and the odds of poor control increased 1.24× (p<0.001). There was no independent association of metabolic control with patient income, gender, or the number of completed primary care visits during the study period (the institution's income-based sliding fee scale would diminish financial barriers). In separate models, there was no association between the rate of rescheduled or canceled appointments (mean =24%) during the study period and metabolic control, controlling for the same set of independent variables (with or without missed appointment rate included).
CONCLUSIONS
The missed appointment rate to primary care appointments, independent of actual patient visit frequency and sociodemographic characteristics, was found to be a strong predictor of diabetes metabolic control. The association was substantial, with patients that missed appointments more than 20% of the time having average A1c levels more than 1% higher than those who missed appointments fewer than 5% of the time. Interestingly, no such relationship was found between the rate of appointments that were canceled or rescheduled and metabolic control.
Our findings are similar to those reported by Karter et al., 8 who studied Kaiser Permanente-insured diabetic patient missed appointment behavior during a one-year period. Sim- ilar to our study, they found an independent association of missed appointment proportion as well as age and proxies for patient financial status with metabolic control. They did not examine race or ethnicity and were restricted to a single payer. In our study, the disparity in metabolic outcomes between white and African-American patients diminished after controlling for appointment-keeping behavior and insurance status. This is important given the priority of reducing existing disparities in health outcomes and the need to find leverage points by which to do so. 9, 10 Barriers to care that may be etiologic in outcome disparities could be reflected in missed appointment and other adherence-related behaviors. Indeed, Karter 8 demonstrated an association between missed appointment behavior and the self-monitoring of blood sugar as well as medication adherence. We and others have demonstrated associations of race with diabetes medication adherence, 1, 2, 11, 12 glucose self-monitoring, 13, 14 and ultimately with metabolic outcome. We are not suggesting that missed appointments are a cause of poor outcomes rather that they may be a useful and readily measured symptom of other barriers to care that may, in fact, be important in the chain of causation. A detailed exploration for remediable diabetes care barriers may be warranted in patients that miss appointments. 15 Our study is limited by its retrospective observational nature as well as the particular variables available for analysis. Therefore, it is not helpful in determining causation and is subject to confounding by multiple factors that were not controlled for. Nonetheless, the strong association between the missed appointment rate and metabolic control, independent of other socio-demographic factors, corroborates other research and suggests the importance of barriers to care in explaining outcome disparities. Since it is readily measured, appointment-keeping behavior may serve as a useful proxy for other diabetes adherence behaviors and the associated barriers that serve to undermine successful diabetes self-management.
